Many bacterial plasmids replicate by a rolling-circle mechanism that involves the generation of singlestranded DNA (ssDNA) intermediates. Replication of the lagging strand of such plasmids initiates from their single strand origin (sso). Many different types of ssos have been identified. One group of ssos, termed ssoA, which have conserved sequence and structural features, function efficiently only in their natural hosts in vivo. To study the host specificity of sso sequences, we have analyzed the functions of two closely related ssoAs belonging to the staphylococcal plasmid pE194 and the streptococcal plasmid pLS1 in Staphylococcus aureus. The pLS1 ssoA functioned poorly in vivo in S. aureus as evidenced by accumulation of high levels of ssDNA but supported efficient replication in vitro in staphylococcal extracts. These results suggest that one or more host factors that are present in sufficient quantities in S. aureus cell-free extracts may be limiting in vivo. Mapping of the initiation points of lagging strand synthesis in vivo and in vitro showed that DNA synthesis initiates from specific sites within the pLS1 ssoA. These results demonstrate that specific initiation of replication can occur from the pLS1 ssoA in S. aureus although it plays a minimal role in lagging strand synthesis in vivo. Therefore, the poor functionality of the pLS1 in vivo in a nonnative host is caused by the low efficiency rather than a lack of specificity of the initiation process. We also have identified ssDNA promoters and mapped the primer RNAs synthesized by the S. aureus and Bacillus subtilis RNA polymerases from the pE194 and pLS1 ssoAs. The S. aureus RNA polymerase bound more efficiently to the native pE194 ssoA as compared with the pLS1 ssoA, suggesting that the strength of RNA polymerase-ssoA interaction may play a major role in the functionality of the ssoA sequences in Gram-positive bacteria.
A large number of small, multicopy plasmids in Gram-positive bacteria and many in Gram-negative bacteria replicate by a rolling-circle mechanism (for reviews, see ref. [1] [2] [3] [4] [5] . The initiator proteins encoded by these plasmids generate a sitespecific nick within the double strand origin (dso) and leading strand replication proceeds by extension of the 3Ј-OH end generated by the initiator (4, 6) . This results in the displacement of a single-stranded DNA (ssDNA) intermediate (7, 8) , which is converted to the double-stranded (ds) form by lagging strand synthesis using the sso and the host proteins. The ssos are important in the stable maintenance of rolling-circle plasmids in bacterial hosts, and it has been suggested that they may play a role in plasmid promiscuity and horizontal transfer among related bacteria (4, (9) (10) (11) (12) . Four types of ssos have been described based on their sequence and structural similarities, namely ssoA, ssoU, ssoT, and ssoW (9, (13) (14) (15) (16) . The host RNA polymerase is involved in the initiation of lagging strand synthesis from all the four ssos, although limited initiation may occur in an RNA polymerase-independent manner from ssoW (12, (17) (18) (19) (20) . The ssoA-type origins contain extensive palindromic sequences that can form folded structures (9, 12, 13, 21, 22 ). An interesting aspect of the ssoA origins is that they function efficiently only in their natural hosts (3, 9, (23) (24) (25) . Two regions, a 6-bp sequence, CS-6, located in the central loop of their palindromic structure and the recombination site B (RS B ) are conserved in ssoAs ( Fig. 1 ; ref. 9, 12, 13) . Previously, we have shown that although RS B is important for binding by the RNA polymerase to generate a RNA primer for replication, the CS-6 region functions as the termination site of primer RNA synthesis (26, 27) . To investigate the basis for host-specific function of the ssoA-type origins, we have studied the function of the ssoA sequences present in the Staphylococcus aureus plasmid pE194 and the streptococcal plasmid pLS1. Here, we demonstrate that the ssoA of pLS1 supports in vitro replication in cell-free extracts from S. aureus. Furthermore, although the pLS1 ssoA functions poorly in vivo in S. aureus, initiation from this ssoA is still specific. We also have mapped the initiation points of lagging strand synthesis in vivo from both the pE194 and pLS1 ssoA origins. Using the S. aureus and Bacillus subtilis RNA polymerases, we have identified the primer RNAs synthesized for lagging strand replication and mapped their initiation sites within the pE194 and pLS1 ssoAs. We also have found that the S. aureus RNA polymerase bound more efficiently to the ssoA of pE194 as compared with the pLS1 ssoA, suggesting that the strength of RNA polymerasessoA interaction may determine the functionality of the ssoAtype origins in vivo.
(pA-pLS1ssoA) has been described (26) . M13-pE194ssoA is a bacteriophage M13 derivative containing the pE194 ssoA (12) .
Detection of Accumulated ssDNA and Mapping of Initiation Sites of Lagging Strand Synthesis in Vivo. S. aureus harboring the desired plasmids were grown to middle exponential phase (Ϸ2 ϫ 10 8 colony forming units per ml of culture). ssDNAs from these cultures were analyzed by electrophoresis on 0.7% agarose gels of total DNA samples, followed by transfer to nitrocellulose filters with or without prior denaturation (7). Filters were hybridized by using a mixture of 32 P-labeled pLS1 and pE194 DNAs as probes. The initiation points of lagging strand synthesis were mapped by using ''repeat primer extension assays'' (29, 30) . Plasmid DNA containing both supercoiled DNA and trace amounts of single-stranded replicative intermediates was isolated from S. aureus and S. pneumoniae harboring pE194 or pLS1 (or its derivatives). These DNAs (50-200 ng) were used as templates in primer extension assays by using 5Ј-32 P end-labeled primers (31) that are expected to hybridize downstream of the ssoA sequences. The primers used for DNA amplifications were: 5Ј-AGGCGATTAAGC-CAATCGTG-3Ј, positions 4026-4045 for pLS1 and the negative control pLS1G3G7 and 5Ј-GGTCGATAGAAAGCGT-GAGAA-3Ј, positions 585-605 for pE194. The repeat primer extension assays were carried out for 30 cycles, with each cycle including 1 min of incubation at 94°, 1 min at 48°, and 1 min at 72°.
Preparation of ssDNA Templates. ssDNA for in vitro replication was isolated from Escherichia coli JM109 harboring the phagemid pALTER or bacteriophage M13 derivatives containing the pLS1 and pE194 ssoAs as described (12, 26) . ssDNA containing the pE194 and pLS1 ssoAs (275 and 313 nt, respectively) for gel retardation and in vitro transcription assays was prepared by asymmetric PCR by using the pE194 and pLS1 DNAs and appropriate oligonucleotide primers as described (26) . When required, ssDNA fragments were 5Ј end-labeled with 32 P (31).
In Vitro Replication. Cell-free extracts were prepared from the restriction-deficient S. aureus strain RN4220 and in vitrolagging strand synthesis was performed as described by Birch and Khan (17) . The replication products were linearized by treatment with either HindIII or EcoRV, which cleave downstream of the pLS1 and pE194 ssoAs (12, 26) . The reaction products were visualized by agarose gel electrophoresis and staining with ethidium bromide followed by autoradiography as described (12) . Fine-structure mapping of the lagging strand initiation sites was performed by resolving products obtained from replication reactions on 8% polyacrylamide-8.3 M urea sequencing gels as described (12) .
Binding of RNA Polymerase to the Single Strand Origins. The interaction between host RNA polymerase and plasmid ssoA was studied by electrophoretic mobility-shift analysis (EMSA). S. aureus RNA polymerase was purified as described (32, 33) . As templates, ssDNA containing the pLS1 or pE194 ssoAs or their complementary sequences were used. Each reaction (10 ml) containing 3 ng (20,000 cpm) of 5Ј-endlabeled ssDNA was incubated at room temperature for 15 min with increasing amounts of RNA polymerase in the binding buffer (50 mM potassium glutamate͞25 mM Tris⅐HCl, pH 8͞10 mM MgCl 2 ͞1 mM CaCl 2 ͞650 mM NaCl, 1 mM DTT͞ 0.05% Nonidet P-40͞40% sucrose͞90 mM ammonium sulfate) in the presence of 1 g poly(dA) and 100 g͞ml BSA. After addition of 2 l of 30% glycerol, samples were loaded on a 3.8% native polyacrylamide gel and electrophoresed at 12.5 V͞cm for 1 hr. The DNA bands were visualized by autoradiography of the gels and the bands quantified by using an AMBIS System 100 radioanalytic detector.
In Vitro Transcription from ssoA. The procedure of Kramer et al. (26) was followed essentially as described by using the B. subtilis (34) P]-UTP (3,000 Ci͞mmol), 5 g of heparin, and 5 units of the RNase inhibitor from human placenta (Boehringer Mannheim) in the binding buffer were incubated at 37°C for 10 min with 0.2 g of RNA polymerase (preincubated with saturating amounts of the purified factor). The DNA-RNA hybrid products were extracted with phenol-chloroform and precipitated with ethanol. Labeled transcripts were separated on a 15% sequencing gel (31) and visualized by autoradiography.
Identification of the 5-Ends of Primer RNAs. For this purpose, primer extension reactions were performed by using as template unlabeled de novo-synthesized primer RNAs obtained from in vitro transcription reactions (see above). After denaturation of the ssDNA-primer RNA hybrids at 65°C for 5 min, 1 pmol of the oligonucleotide (5Ј-TTAGCGTTTCGG-3Ј, positions 4158-4170, to map the 5Ј-end of the primer RNA generated from pLS1 ssoA, and 5Ј-ATTAACTTTCGGT-3Ј, positions 721-733, to map the 5Ј-end of the primer RNA synthesized from the pE194 ssoA) was used for reverse transcription as described earlier (26) . Radiolabeled dNTPs used were: 10 M [␣- 
RESULTS

Establishment of Plasmid pLS1 in S. aureus.
Because the ssoA present in the streptococcal plasmid pLS1 is very similar to those of many staphylococcal plasmids (see Fig. 8 ), we wished to determine the functionality of this ssoA in S. aureus. Plasmids were introduced into S. aureus by electroporation. Southern blot analysis indicated that plasmids containing the wild-type ssoA or lacking it (pLS1⌬NA) accumulated significant levels of ssDNA ( Fig. 2A) . This was seen more clearly when the DNA was transferred to the nitrocellulose paper without prior denaturation, which allows detection of only ssDNA (Fig. 2B) . These results showed that the pLS1 ssoA does not function to a significant extent in vivo in S. aureus because a substantial proportion of the ssDNA replication intermediate was not converted to the dsDNA form. The plasmid copy number (measured as dsDNA) was reduced from 20 in S. pneumoniae to Ϸ5 per genome equivalent for both pLS1 and pLS1⌬NA plasmids (data not shown). The pE194 ssoA was recognized efficiently in S. aureus as evidenced by the accumulation of very little ssDNA (Fig. 2) . These results indicate that the efficiency of ss 3 ds DNA conversion from the pLS1 ssoA is significantly impaired in S. aureus (and perhaps in other hosts in which ssDNA accumulates), and therefore no significant differences are observed between the pLS1 plasmid containing the wild-type ssoA or its derivatives lacking this origin.
In Vitro Replication Stimulated by the pLS1 ssoA. We studied the ability of the pLS1 ssoA to support lagging strand replication in cell-free extracts made from S. aureus. ssDNA containing the pLS1 ssoA (pA-pLS1ssoA) supported efficient replication, whereas ssDNA from the vector pALTER (pA) gave a weak signal (Fig. 3 ). These results demonstrate that DNA synthesis was mostly ssoA-specific. Under these conditions, the extent of synthesis with the pLS1 ssoA was comparable with that obtained with the pE194 ssoA (Fig. 3) . The above results showed that in spite of the poor functionality of the pLS1 ssoA in vivo in S. aureus, it can be recognized by staphylococcal proteins and enzymes involved in lagging strand replication. In vitro replication of the pLS1 ssoA required RNA polymerase-dependent synthesis of (an) RNA primer(s) because the process was inhibited by rifampicin or the absence of rNTPs (not shown).
Initiation of in Vitro and in Vivo
Replication from the pLS1 ssoA Is Site-Specific. The above results provide information on the efficiency of ss 3 ds DNA synthesis but do not reveal the specificity of the initiation process from the pLS1 ssoA in a heterologous host. To address this question, we determined the start site(s) of lagging strand synthesis from the pLS1 ssoA in S. aureus cell-free extracts. ssDNA containing the pLS1 or pE194 ssoA was replicated in vitro and the reaction products were either treated or not treated with AflII or HindIII, enzymes that cleave immediately downstream of the pLS1 and pE194 ssoAs, respectively. This treatment should release single-stranded replication products whose size will correspond to the distance between the initiation site(s) and the enzyme cleavage site. Analysis of the replication products showed that the undigested samples consisted mainly of a series of large molecules (Fig. 4A) . Faster migrating bands (43-46 nt and 53-59 nt) that were observed in the absence of restriction In vivo mapping. The products of ''repeat primer extension assays'' using the indicated plasmids as templates purified from S. aureus (S. au) or S. pneumoniae (S. pn) were electrophoresed on a 8% polyacrylamide-urea gel. AGTC and GT, sequencing ladder generated by the Sanger's method (31 (Fig. 4A) indicate random initiation and͞or end points of ss 3 ds synthesis and do not reveal the specific initiation points (12) . With the pLS1 ssoA DNA, samples digested with AflII generated specific bands in the range of 115-132 nt (Fig. 4A) . We have shown previously that in the S. aureus in vitro system the RNA primers are removed from the replication products (12) . Some of the 115 to 132 nt bands obtained with the pLS1 ssoA correspond to those seen in similar experiments done with streptococcal cell extracts (26, 27) , and place the initiation site of DNA synthesis (major RNA-DNA transition points) immediately downstream of the CS-6 sequence (Fig. 1) . The bands seen with the pE194 ssoA were the same as those reported (12) . The above results demonstrate that replication from the pLS1 ssoA in staphylococcal extracts is specific and initiates from a few discrete sites. We also found that mutations in the conserved RS B and CS-6 sequences of pLS1 ssoA impair specific initiation in S. aureus extracts (data not shown). Experiments also were done to identify the in vivo initiation points of lagging synthesis from the ssoA sequences. The rationale for these experiments was that although supercoiled DNA is the most abundant form of plasmids found in vivo, a small fraction of DNA my be present in partially singlestranded form in which the lagging strand synthesis has initiated but not been completed. Use of a primer corresponding to a sequence downstream of the ssoA in ''repeat primer extension assays'' is expected to identify the 5Ј end(s) of the lagging strand. One major (91 nt) and one minor band (70 nt) was obtained with the pE194 plasmid in its native host S. aureus (Fig. 4B ). In the case of pLS1, two major bands (117 nt, and closely spaced bands of 78-82 nt) and two minor bands (90 and 92 nt) were observed both in its native host S. pneumoniae and in nonnative S. aureus (Fig. 4B) . The in vivo initiation sites from the pE194 and pLS1 ssoA sequences identified above are indicated in Fig. 1 . To use the same primer with a negative control, we used the pLS1G3G7 mutant, which has been shown previously to lack specific initiation points in vitro in both streptococcal and staphylococcal cell-free extracts (26, 27 , and data not shown). This mutant, which accumulates similar ssDNA levels and has the same copy number as pLS1 in S. aureus, did not generate any specific bands (Fig. 4B) . The above results demonstrate that the pLS1 ssoA supports specific initiation of lagging strand synthesis in S. aureus.
Synthesis of Specific RNA Primers by RNA Polymerase from the pE194 and pLS1 ssoA Templates. We tested whether the staphylococcal RNA polymerase synthesized a specific primer for lagging strand replication by using the pE194 and pLS1 ssoAs as the templates. The B. subtilis RNA polymerase also was used in these experiments because we have previously shown that it synthesizes a 20 nt primer RNA using the pLS1 ssoA as the template (26) . In vitro transcription experiments with the pE194 ssoA showed that both the S. aureus and B. subtilis RNA polymerases synthesized a 17-nt long primer, along with a minor species of 18 nt (Fig. 5) . With the pLS1 ssoA, both the RNA polymerases synthesized a predominantly 20-nt primer RNA (Fig. 5 and ref. 26) . These results demonstrate that both homologous and heterologous RNA polymerases recognize sequence elements (promoters) in the ssoAs and are capable of synthesizing specific primers.
To map the initiation sites of primer RNA synthesis, primer extension experiments were carried out. Based on the results of previous in vitro replication experiments as well as results of in vitro transcription analysis with pLS1 ssoA by using the B. subtilis RNA polymerase (26) , a few ss oligonucleotides were initially tested in the reverse transcriptase assay. These experiments identified the appropriate oligonucleotides for the mapping of the 5Ј ends of the primer RNAs (see Materials and Methods). Unlabeled primer RNA was synthesized in vitro using a ssDNA template containing the pE194 ssoA and RNA polymerase from S. aureus and B. subtilis, and primer extension analysis was done by using a 13-mer oligonucleotide. A 17-nt band was observed with both the RNA polymerases (Fig. 6) . This represents an incorporation of 4 nt to the 13-mer and places the initiation site of primer RNA synthesis at position 735 within the pE194 ssoA (Fig. 1) . With the pLS1 ssoA using the S. aureus RNA polymerase, primer extension analysis with a 12-mer generated a 18-nt band (Fig. 6) , placing the start-site of primer RNA synthesis at position 4175 of the pLS1 ssoA, which is identical to that seen with the B. subtilis RNA polymerase ( Fig. 1 and ref. 26) . The above results demonstrate that synthesis of the primer RNA initiates from a specific position within the ssoA sequences, and both homologous and heterologous RNA polymerases recognize the same promoter elements within the ssoAs.
Binding of ssoA Sequences to the RNA Polymerase from S. aureus and B. subtilis. Because the pE194 ssoA but not the pLS1 ssoA functions efficiently in vivo in S. aureus, we wished to determine by EMSA whether this was caused by differences in their ability to bind to the RNA polymerase from S. aureus. The ssoA of pE194 in the functional orientation bound efficiently to the RNA polymerase, whereas the complementary ssDNA bound only weakly (Fig. 7) . Measurement of the radioactivity showed that with the pE194 ssoA DNA in the functional orientation, 67% and 82% of the DNA was present in the bound form in the presence of 9 and 18 ng of RNA polymerase, respectively. Only 12% and 33% of the input DNA bound to the pE194 ssoA in the nonfunctional orientation at the above RNA polymerase concentrations. These results showed that the RNA polymerase from S. aureus is capable of specific interaction with the native pE194 ssoA. This RNA polymerase, however, bound poorly to the pLS1 ssoA (Fig. 7) . FIG. 5 . RNA polymerase-directed synthesis of primer RNAs. ssDNA containing the pLS1 ssoA (pLssoA) and pE194 ssoA (pEssoA) in the functional (ϩ) or nonfunctional (Ϫ) orientation were used as template. Reactions were carried out by using the S. aureus (S.au) or B. subtilis (B.su) RNA polymerase. A mixture of labeled oligonucleotides were used as size markers (M). The sizes of the major primer RNA products from the pE194 ssoA (17 nt) and the pLS1 ssoA (20 nt) are indicated by arrows. FIG. 6 . Determination of the 5Ј-end of the primer RNAs. In vitro-synthesized primer RNAs were used as a template for primer extension analysis. The positions of a major 17-nt band observed with the pE194 ssoA (pEssoA) and a 18-nt product obtained with the pLS1 ssoA (pLssoA) are indicated by arrowheads. Their sizes were corrected for the presence of a phosphate (31) in the mixture of labeled oligonucleotides markers (M). In samples 1 and 3, S. aureus RNA polymerase was used for the synthesis of RNA primers, whereas the B. subtilis RNA polymerase was used in sample 2.
In the presence of 9, 18, and 28 ng of the RNA polymerase, 15, 26, and 39%, respectively, of the input DNA containing the pLS1 ssoA in the functional orientation was bound. The percentages of binding observed with the pLS1 ssoA in the nonfunctional orientation in the presence of the above amounts of the RNA polymerase were 5, 8, and 17, respectively. These results demonstrate that the pE194 ssoA interacts more efficiently with the staphylococcal RNA polymerase than the pLS1 ssoA and suggest that the poor functionality of nonnative ssoA sequences in Gram-positive bacteria may be because of their weak interaction with the host RNA polymerase. Although the streptococcal RNA polymerase could not be used as a positive control in the above studies because it has not yet been purified, this conclusion is strengthened by the following observations. The specific activity of the pLS1 ssoA probe used in this experiment was similar to that of the pE194 probe, the unlabeled pLS1 ssoA DNA was a good substrate for in vitro transcription with saturating amounts of staphylococcal and B. subtilis RNA polymerases and the binding efficiency of the pLS1 ssoA to both of these polymerases is comparable (ref. 26 and data not shown).
DISCUSSION
In this paper, we have investigated the role of ssoA origins in the lagging strand replication of rolling-circle plasmids. Previous studies have suggested that ssoAs function efficiently only in their natural hosts, and lagging strand replication of plasmids containing nonnative ssoAs may initiate from alternate or nonspecific sequences (3, 10, (23) (24) (25) . Also, plasmids lacking ssoA are viable, suggesting that lagging strand replication in such cases must initiate from alternate sites. We have investigated the function of the ssoA of the streptococcal plasmid pLS1 in a nonnative host, S. aureus, as well as the pE194 ssoA in its natural host.
Plasmid pLS1 as well as its derivative lacking the ssoA (pLS1⌬NA) accumulated high but similar levels of ssDNA in vivo in S. aureus (Fig. 2) . On the other hand, this ssoA supported efficient replication in staphylococcal extracts and the level of nucleotide incorporation was comparable with that obtained with the ssoA of pE194 that is native to S. aureus (Fig.  3) . The differences between the ssoA activity in vivo and in vitro in a heterologous host may be caused by the presence of an excess of RNA polymerase and͞or other host factors in cell-free extracts, which may be limiting in vivo (see below). We also have mapped the start-sites of DNA synthesis from the pE194 and pLS1 ssoA in vivo, which has previously not been reported for any rolling-circle plasmid. Although our results demonstrate poor functionality of the pLS1 ssoA in vivo in S. aureus, our data show that specific initiation does occur from this ssoA both in vivo and in vitro (Fig. 4) . Based on the above data, we conclude that the poor functionality of a ssoA in vivo in a nonnative host is due to the low efficiency rather than a lack of specificity of the initiation process. However, replication initiating from this origin might not contribute significantly to the ss 3 dsDNA conversion in vivo in S. aureus.
We also have studied the interaction of the S. aureus RNA polymerase with the ssoA of pE194 that is native to this host, as well as with the pLS1 ssoA which is native to streptococci. DNA-binding experiments showed that the S. aureus RNA polymerase bound more efficiently to the pE194 ssoA as compared with the pLS1 ssoA (Fig. 7) . Because the pLS1 ssoA functions poorly in vivo in S. aureus, our results suggest that this may be caused by the weak interaction between the nonnative ssoAs with the host RNA polymerase. The presence of sufficient quantities of RNA polymerase (and additional factors) may have allowed efficient replication from nonnative ssoA sequences in vitro.
We have identified a ssDNA promoter in the ssoA of pE194. In vitro transcription and primer extension analysis showed that the pE194 ssoA directed the synthesis of the same 17-nt primer RNA in the presence of both the S. aureus and B. subtilis RNA polymerases (Figs. 5 and 6) and clearly establish that both homologous and heterologous RNA polymerases recognize the same promoter elements. The first nucleotide of the primer RNA is expected to be a U residue, which is unusual and may reflect unique aspects of RNA transcription initiating from single-stranded origins. The coordinates of the primer RNA would position the start site of DNA synthesis (RNA-DNA transition) at position 718 of pE194, which is within a few nucleotides to that estimated from our previous in vitro replication experiments (12) and those shown in Fig. 4 . An inspection of the sequence and predicted secondary structure of the pE194 ssoA revealed the presence of a putative promoter-like sequence in the vicinity of RS B (Fig. 1) . This putative promoter contains sequences that resemble the consensus Ϫ35 (5Ј-TTGCGT-3Ј) and Ϫ10 (5Ј-TATACT-3Ј) regions. Such a putative promoter also has been identified in the ssoA of pLS1 (Fig. 1 and ref. 26) , and ss-promoter regions are found in complementary strand origins of filamentous bacteriophages and coliphage N4 (36) (37) (38) (39) . A ss promoter (Frpo) that may support replication of the transferred ssDNA strand of the F plasmid during conjugation also has been described recently (40) . In the predicted folded structure of the pE194 and pLS1 ssoAs, the putative Ϫ35 region is fully paired, whereas the Ϫ10 region has only partial pairing (Fig. 1) . Interestingly, the single-strandedness of the Ϫ10 region appears to be critical for the function of the other ssDNA promoters (37, 40) .
The S. aureus RNA polymerase synthesized a 20-nt long primer RNA from the pLS1 ssoA and transcription initiated at position 4175, which is identical to the results obtained using the B. subtilis RNA polymerase (Figs. 1 and 5 and ref. 26) . Thus, the synthesis of the primer RNA for pLS1-lagging strand replication is initiated at the same position by two different heterologous RNA polymerases. This primer RNA is used as a substrate for DNA synthesis by the streptococcal DNA polymerase I, and this enzyme has been shown to be required for pLS1 replication in vivo in S. pneumoniae (26, 41) .
The sequences and structures of various ssoAs are highly conserved, and an alignment of the ssoAs of several S. aureus plasmids and that of the streptococcal plasmid pLS1 is shown in Fig. 8 . Three sequences, the RS B , its partial complement, and CS-6 are highly conserved among these ssoAs and are important for lagging strand synthesis (12, 26, 27) . However, there are several regions (shaded nucleotides in Fig. 8 ) that are highly conserved in ssoAs native to S. aureus plasmids that are not conserved in the streptococcal pLS1 ssoA (Fig. 8) . It is possible that these sequences are important for recognition of the ssos by the RNA polymerase of their respective hosts, and they may contribute to the efficiency of RNA polymerase binding and initiation of lagging strand synthesis.
